Although John Cowley made important contributions across virtually the whole of crystallography, using electrons, X-rays and neutrons, his work in the three areas of short-range order, dynamical electron diffraction, and scanning transmission electron microscopy are of particular significance. In all of these areas his work involved theory and experiment in equal measure, with each reinforcing the other. The outcomes of these activities have now spread across so much of solid-state physics, metallurgy, structural inorganic chemistry and Earth sciences that they have entered the canon, with authors quite frequently no longer feeling the necessity of referring to specific papers on many of the matters of principle first enunciated by John.
also the patience to describe what frequently must have seemed obvious to him. How this was achieved is far from clear, but an important contributing factor must have been his extraordinary ability to relate key steps in a process to experimentally realizable situations. Nor were the experiments that he invoked a theorist's abstractions for, like so many of the great crystallographers, he was equally at home at the bench, at the desk and, indeed, as a designer in the workshop.
FAMILY BACKGROUND AND EDUCATION
Happily, John's abilities were recognized by his family early in his life. His forebears, mostly wheat and sheep farmers, settled in South Australia in 1845, and the tradition of country living persisted into his parent's generation. As a consequence John's early education was pursued in a succession of small country state schools as his father, a Methodist minister, was called to a succession of circuits. John started his secondary education in a country state school but almost immediately won a scholarship to Prince Alfred College, where, in turn, he won the scholarship that took him to the University of Adelaide in 1940 at the age of 17 years. He obtained a first-class honours degree in physics in 1943 and an MSc in 1945. At that time, although the physics department had few staff and limited resources, it enjoyed a welldeserved reputation in the training of its students. In particular both John and an earlier student, Mark (later Sir Mark) Oliphant (FRS 1937 ) both acknowledged that they benefited greatly from the guidance of the Senior Lecturer, Dr R. S. Burdon.
It was in those years that John first encountered electron diffraction and came into direct contact with wave-particle duality. Now, while he was always mindful of Bohr's assessment of those who believed that they understood quantum mechanics, John never seemed to have any doubt as to how he might set about describing a quantum system, relishing, and by no means being dismayed, by any anti-intuitive outcomes.
EARLY WORK IN THE COMMONWEALTH SCIENTIFIC AND INDUSTRIAL RESEARCH ORGANIZATION
His work in Adelaide brought him to the attention of Dr Lloyd Rees, who encouraged him to join the Chemical Physics Section, just then being set up in the government research organization of Australia. The broad intention behind the formation of this Section was to ensure that expertise in those emerging techniques in physics that were likely to find application in chemistry should be available within the Commonwealth Scientific and Industrial Research Organization (CSIRO). Because staff were expected to combine long-term research with collaborative work on short-term projects, a good deal of consideration was given to the selection of those who might be supposed to possess both the ability and temperament appropriate to such varied activities. John Cowley fitted happily into this category. Within the next three years he had designed and brought into operation an X-ray diffractometer, collaborated in the design and operation of a high-resolution electron diffraction camera (9)*, and, along with several colleagues, published papers on subjects ranging from the structure of industrially significant minerals (3), through aspects of yielding in steel (2), to lubrication (4) , and the refraction of electrons in polyhedral crystals (1).
To undertake the design of a high-resolution electron diffraction camera typifies John's outlook in many ways. It was the conventional wisdom of the time that nothing significant remained to be resolved, but while giving due weight to tradition John never allowed himself to be dominated by it. In this he was in entire agreement with his section leader, Lloyd Rees, and, although neither knew it at the time, with a brilliant young Japanese theorist, Norio Kato.
RESEARCH AT MASSACHUSETTS INSTITUTE OF TECHNOLOGY
At this juncture John was granted leave of absence to study for a PhD under the direction of Professor R. Warren, at Massachusetts Institute of Technology; and it was here that, arguably, he first attracted wide international attention, with his work, both experimental (5) and theoretical (6), on order in alloys. This was a subject that he had not previously encountered, but, starting from the Bragg-Williams foundations, a penetrating analysis led him to a quantitative description that has proved to be of central importance to the entire subject. Few metallurgists would fail to recognize the patterns deriving from the memorable analysis of Cu 3 Au.
LATER WORK IN THE CSIRO
On his return to Melbourne two main themes emerged in John's longer-term work, namely the extraction of structural information from single crystal patterns (7) and the quantitative analysis of dynamical scattering data. The motivation for both of those lines of inquiry derived from the desire to extract structural, as distinct from merely geometric, information from electron diffraction patterns.
In addressing structure analytical problems in electron diffraction at this juncture, John was continually mindful of the severe restrictions imposed by the first Born approximation and, given these limitations, he not only established a framework for analysis but illustrated his approach by, for example, investigations into structural aspects of boric acid (8) and the intercalate, ferric chloride-graphite (10) .
The second theme is best represented by his collaborative work with Peter Goodman and Lloyd Rees on dynamical fine structure (11) . Here contact was made with the theoretical work of Norio Kato, who predicted the nature of dynamical fine structure from a wedge, using Bethe's formulation in the two-beam approximation. Dynamical theory at this juncture had become virtually synonymous with the two-beam approximation introduced by Ewald in his dynamical theory of X-ray scattering, and by Bethe in his dynamical theory of electron diffraction. This was far from the intention of either of these men, but a variety of historical misconceptions led to this view. However, any direct extension to many beams raised appreciable difficulties.
The opportunity to initiate an oblique approach arose as a result of a chance observation of a distant street light observed through a curtain of rather precise weave. This raised questions about the imaging of periodic objects (12) , questions that had scarcely been examined since Lord Rayleigh had won a medal presented by the Royal Society for a description of scattering from a simple one-dimensional acoustic grating. The calculation was undertaken in response to a question raised by Fox Talbot on the origin of the difficulty in obtaining precise focus on an optical grating.
To describe in compact form, say, the scattering of light by a general two-dimensional phase grating illuminated by a source of finite size, it was found convenient, working in the paraxial approximation, to rewrite the standard equations in a form in which the techniques of the Fourier transform could be readily exploited (14) . The multiple focal planes that were found to be generated, in fact the planes of the Fourier images, could then be assessed in relation to the electron microscopy of crystals at atomic resolution. This development, in turn, raised in acute form the need for an explicit solution to the problem of the scattering of electrons by a crystal into an arbitrary number of beams.
The technique that had been found effective in the description of scattering from periodic objects was therefore generalized so that scattering by a sequence of objects was described in coordinate space by alternating multiplication by transmission functions with convolution by Fresnel propagators. A crystal is then envisaged as being cut into parallel slices of arbitrary thicknesses, not necessarily equal. The contents of the slices are projected onto planes that act as two-dimensional mixed phase and amplitude gratings to modulate the wavefunctions, which in turn propagate between the planes.
In practice it was found convenient to work in momentum space where the operators for multiplication and convolution are interchanged and act on the Fourier transforms of the transmission functions and of the propagators. Symmetries inherent in the propagators greatly simplify the calculations. The calculation is then carried through and the impulse limit taken-that is, the number of slices is taken to infinity as the thicknesses of the slices go to zero-in such a way that the product of number and thickness remains finite and equal to the thickness of the crystal. An explicit solution is obtained in the form of an infinite series in ascending order of interaction (13) . In retrospect, various transformed versions of the solution seem almost obvious (Moodie 1972 ), but a variety of delicate mathematical points are involved in the limiting process and these were not explored in the initial submission. A good deal later it was shown that the method is closely related to that of Feynman quantum mechanics, that the problems in measure are equivalent and by no means trivial, but that the procedure ultimately leads to the Schrödinger equation (Goodman & Moodie 1974 ). It was not, in the event, for reasons related to measure that the manuscript was initially rejected, but basically because of misconceptions over the role of eigenvalues and eigenvectors in quantum mechanics. Intervention by one of the originators of dynamical theories, however, reversed the decision and the paper was published unchanged.
Within a few years the same solution had been obtained by other techniques, all of which could be shown to be equivalent (15) .
DEPARTMENT OF PHYSICS, UNIVERSITY OF MELBOURNE
At this juncture John's high abilities as a teacher became increasingly apparent, so that his accession to the Chamber of Manufacturers Chair of Physics in the University of Melbourne in 1962 seemed not only appropriate but virtually inevitable. Here he set up a highly individual school of extraordinary productivity, numbering among its graduates some of the most distinguished current workers in the field. During this period he also wrote Diffraction physics (22), one of the central texts in crystallography and one that has remained indispensable, equally, to two generations of students and to their supervisors. In its directness, clarity and simplicity it bears, as all great scientific books do, an unmistakable personal stamp.
The work carried through on many beam scattering had treated inelastic interactions phenomenologically, and John now set about repairing this deficiency.
The development of n-beam theory had been stimulated equally by diffraction and microscopy, and, central points having been established in diffraction, applications could be confidently undertaken in microscopy. The resolution now available in commercial electron microscopes was just sufficient to explore crucial points raised by Wadsley's seminal work in inorganic chemistry (Wadsley 1955) and X-ray diffraction (Wadsley & Andersson 1970). This work had been carried through in the CSIRO and it was again in this organization that central results, for instance the existence of Wadsley defects and the coexistence of a range of phases in the block oxides, were established by electron microscopy (Allpress et al. 1969) , necessarily with the use of many beams (Allpress et al. 1972) . John, in part through his students (Chidzey 1970), collaborated at an early stage in the research and this extended to incisive work, undertaken later in America, on high-resolution lattice imaging, initially of the block oxides. It was characteristic of John that in this, as in other collaborations, his attention was directed solely towards the scientific outcomes of the inquiry.
Concurrently with these activities John revisited his seminal work on short-range ordering and, along with his collaborators, substantially extended its range of application. This, among other matters, led to the development of a graphic model involving the curvature of the Fermi surface, which relates to the diffuse scattering observed in certain electron diffraction patterns (19) .
From the time of von Laue, reciprocity has occupied the attention of many crystallographers. John, who had always been particularly adept in applying this symmetry, emphasized its importance to his students, two of whom, in a key paper (Pogany & Turner 1968) , invoked Green functions to establish that reciprocity is inherent in Schrödinger's equation and hence applies to n-beam, not merely to two-beam, diffraction. John exploited this result in a particularly important, apparently simple, and certainly short paper, which was published in 1969 (17) . This generalized previous results and, at a stroke, revealed the relationship between images generated by transmission electron microscopy and those generated by scanning transmission microscopy, a matter much canvassed at that time.
The paper has an added significance in that it reveals the direction in which John's approach to research was turning, namely towards the development of a scanning instrument of highly individual concept. In designing this instrument John's formidable array of abilities were deployed in profusion: from workshop practice, through solid-state physics, to light and electron optics, and to the mathematical physics of vibration and of quantum mechanics. These efforts laid the foundations for some of the seminal work that lay in the future. In 1970, more than 10 years after J. W. Menter's first lattice images, the resolution of the best high-resolution electron microscope (HREM) images was about 0.34 nm. In Chicago, Albert Crewe had just demonstrated that individual, well separated, heavy atoms could be imaged with a scanning transmission electron microscope (STEM), with the aim of applying the method to biology. (Cowley's reciprocity paper, mentioned above, had established the intimate connection between STEM and HREM.) Cowley had written perhaps the first paper in 1959 to analyse the effect of multiple scattering on simple lattice images such as Menter's, using two-beam theory. In Australia, the CSIRO group led by A. Moodie had begun to demonstrate the usefulness of HREM for the observation of planar defects in oxides, and to develop the appropriate dynamical imaging theory, work that Cowley was familiar with. Dr M. O'Keefe, who had previously worked with the CSIRO group, had also moved to ASU and was closely involved in the early HREM projects at ASU with Cowley and Iijima. Cowley was convinced that by improving the resolution of the microscopes to the atomic level for the much smaller spacings present in crystals, a large scientific payoff could be obtained in the solid-state sciences. His view was that because most of the electronic, thermal, mechanical and magnetic properties of condensed matter are controlled by defects (for example in first-order phase transitions, plasticity and non-stoichiometry), it followed that HREM was the ideal tool for their study, and the challenge was to improve image resolution accordingly. He was one of the first scientists to realize the full power of HREM in materials science, solid-state chemistry, and condensed-matter physics, and he devoted extraordinarily energetic efforts to its development over several decades.
By taking advantage of a specially modified pole-piece fitted to a Japanese instrument, Iijima and Cowley were able to publish a series of papers in the early 1970s that both laid down the theoretical principles for high-resolution imaging of thin crystals in various modes and applied this theory to Iijima's remarkable experimental images of defects in crystals (Iijima 1971) . At that time, after work in the late 1960s by Wadsley, Moodie, Bursill, Allpress, Sanders and co-workers at slightly lower resolution, it was realized that non-stoichiometry in complex oxides could be accommodated by planar faults, in addition to the point defects previously assumed, with important implications for thermodynamics, our understanding of structural relationships between oxides, and the mechanisms of oxygen uptake in minerals and catalysts. The instruments of that time provided 'unit-cell' resolution, so that the arrangement of the fundamental building blocks of many transition-metal oxides could be determined in projection by HREM. Iijima and Cowley published the first clear two-dimensional image of Wadsley's defect (20) , giving confidence in the earlier theoretical and experimental work of the Australian groups. This analysis of planar faults in oxides expanded rapidly in the hands of many experts around the world, and has continued since. Its origins at the CSIRO and at ASU represent probably the first occasion in which scientifically significant high-resolution information had been extracted at the near-atomic scale from crystals by the new method of HREM 'lattice imaging'. Disorder of various kinds in oxides remained a theme in all Cowley's HREM work, including the classic study with K. Yagi using combined HREM images and point diffraction patterns of potassium ion ordering in KSbO 3 in 1978 (24) . Perhaps more than any other paper, it shows Cowley's natural flair for the interpretation of diffuse scattering in terms of ordering in real space, and of the effects of multiple scattering on it. Throughout his career he returned to this topic, and the implications for the mechanisms of solid-state phase transitions in oxides became a recurring theme in his work from this time. After publication of an earlier major review article on electron diffraction for structure analysis (16), it was clear that in these years Cowley's main interest had turned to imaging (in all modes-transmission, reflection and scanning). He was to return to diffraction in new and imaginative ways in the 1980s, in the development of the nanodiffraction method. It was at about this time that S. Iijima, working as Cowley's postdoctoral researcher, published the first experimental image of a carbon Buckyball, showing its atomic structure (Iijima 1980 ). These were later to become an important foundation for the world-wide nanoscience initiative.
In a remarkable burst of energy, with generous support from ASU, the NSF and other agencies, Cowley took on a large number of students at ASU and established new instrumentation and theory projects in several areas. At one point his group numbered more than a dozen PhD students. With A. Strojnik and D. Smith, a 1 MeV STEM was constructed at ASU, intended for imaging thicker inorganic samples and, among other things, to allow high-resolution imaging of biological samples in air. (These were to be attached to a thin carbon membrane that formed the vacuum seal at the electron beam focus.) This major project involved complete electron-optical and electronic design and construction facilities over many years. (In other work in biology, Cowley had in 1971 (18) investigated the assumption of absorption contrast (rather than phase contrast), and the neglect of multiple scattering, in the tomographic TEM work then just starting in Cambridge and elsewhere.) Cowley's monograph Diffraction physics, which first appeared in 1975 (22), has now been updated to its current third edition; it continued to set the agenda for much of the physics of electron microscopy that was to follow. The book, which treats electron, X-ray and neutron diffraction, covers his main interests up to that time-the theory of multiple elastic and inelastic scattering, scattering from defects in crystals, HREM and STEM imaging, and the statistical mechanics of ordering in alloys. A second major novel instrumentation project, started in the early 1970s with G. Hembree and others, consisted of a field-emission reflection high-energy electron diffraction (RHEED) system, which produced scanning reflection images and microdiffraction patterns from atomically clean surfaces (32) . This pioneering work occurred in the very early days of the field-emission electron source.
IMAGING IN SURFACE SCIENCE
Cowley saw clearly at this time, a decade before the invention of the scanning tunnelling microscope (STM), the potential power of a high-resolution imaging method in surface science, to complement the then-popular broad-beam low-energy electron diffraction (LEED) and RHEED methods. He understood at an early stage how the difficult interpretation of LEED patterns might be assisted by a method that combined imaging and diffraction. With his student A. Moon, Cowley published a new theoretical approach to dynamical RHEED theory at about this time (21). Papers on the theory of RHEED for defective surfaces followed, a topic that he remained interested in for the rest of his life and to which he was to return in his application (with L. M. Peng) of the multislice algorithm to reflection geometry (34) . This in turn supported experimental work on the reflection electron microscopy (REM) imaging technique, which he developed rapidly from its early primitive form. In this technique an image is formed from a Bragg beam reflected at a low angle from a crystalline surface. In a series of papers he established a dynamical theory of REM imaging for defective surfaces, and his PhD students in physics produced many of the most striking images of crystal surfaces with this method (31) . Cleaved oxides and semiconductors, and faceted gold spheres were studied, among other materials, at a resolution of about 1 nm. These images showed the predicted surface defects, including surface steps, in some cases terminating at emerging dislocations. The effects of image foreshortening, of elastic energy filtering and of dynamic focusing were all investigated, and his elegant treatment (with L. M. Peng and P. Liu) of diffraction at a surface step has since been widely adopted (35) . His own experimental work at this time produced the scanning reflection electron microscopy (SREM) method, which is conveniently combined with reflection microdiffraction analysis (30, 41) . Using this, by combining reflection microdiffraction patterns from nanometre-sized areas with the corresponding scanning images, he was able to explain many of the diffuse scattering effects seen in RHEED (37) and to distinguish, for example, streaking due to surface steps from that due to inelastic scattering. This work led to studies on the surface resonance effect, with his students Z. L. Wang, L. M. Peng and others (36) . His earliest work on REM began during a visit to ASU from Professor K. Yagi in the early 1970s. (Yagi and his student K. Takayanagi were to use the method to powerful effect in Japan in the following years, in work that was contemporaneous with the invention of the STM.)
SCANNING TRANSMISSION ELECTRON MICROSCOPY
Cowley's early paper on STEM-TEM reciprocity kindled an enthusiasm for the STEM mode that remained to the end of his life. Throughout the 1970s Cowley also produced a series of papers on novel imaging modes in STEM (23) , culminating in the arrival in 1978 of a Vacuum Generators HB-5 STEM instrument, funded by his National Science Foundation grant, which he personally operated from that time until the last week of his life. Cowley designed an ingenious optical image dissection device, which converted electron nanodiffraction patterns produced by a vacuum-coupled image intensifier to optical images, portions of which could be led off to various detectors, with a flexible masking system (27). The instrument was fitted with a minicomputer data acquisition system, the first high-excitation pole-piece, an ultrahigh-resolution objective lens, a z-lift stage, two post-specimen lenses and an infrared laser for sample treatment. A typical project (with G. Butler and M. Strahm, and G. Fan from 1980) using this system involved the automated collection of many coherent microdiffraction patterns from nanometre-sized areas of thin glassy films, to characterize their structure. For the problem of short-range and medium-range order in glasses, Cowley was convinced of the value of nanodiffaction for the extraction of information on angular correlations between bond angles, thus going beyond the limitations of the radial distribution function commonly used (28). In other work at this time with Spence, the theory of atomic resolution imaging by STEM in thin crystals was elaborated (25) , emphasizing the role of interference between overlapping coherent convergent-beam electron diffraction (CBED) orders, an effect previously detected by Dowell & Goodman (1976) . The analysis of coherent nanodiffraction patterns from thin crystals (26) soon led also to his work on in-line electron holography, from which he developed an elegantly simple relationship between in-line holograms in STEM, shadow images and the Talbot self-imaging properties of thin crystals (40). This work in turn led to the development of the theory of electron Ronchigrams in the early 1980s (33) . These electron interferograms, similar to those used to characterize astronomical optical elements, are now routinely used to characterize high-resolution electron lenses and to measure their aberration coefficients. They have become the standard method of alignment and aberration measurement for the automated process of aberration minimization used in modern aberration-corrected magnetic lenses. The recent attainment of sub-ångström-resolution STEM imaging depends heavily on Cowley's development and analysis of these patterns.
THE NSF NATIONAL INSTRUMENTATION FACILITY
The early 1980s were an exciting time for the ASU group, with the influx of several new faculty appointments and outstanding postdoctoral researchers in Cowley's field. These appointments, by a supportive ASU administration, followed the National Science Foundation's award in 1979 of about US $1 500 000 (for three years) for a continuing grant for a regional, and later National, Instrumentation Facility for High Resolution Electron Microscopy at ASU, directed by Cowley. Ondrej Krivanek, David Smith, Ray Carpenter and Peter Rez, as new appointments, worked with existing Professor Leroy Eyring, Professor Peter Buseck and Professor John Spence, and later Professor John Venables, on lively management meetings of 'the facility', in which many new scientific projects were devised and funded. These spanned the scientific interests of the faculty, from the Earth sciences to solid-state physics and chemistry and surface science. Additional supportive appointments for tenure-track full-time researchers made in the Center for Solid State Science included G. Hembree and later M. Scheinfein. Postdoctoral researchers included J. Tafto, Y. Bando, N. Long, D. Shindo and D. Veblen, among many others. The mission of the facility, the development and application of HREM, required an extensive user programme, an annual international conference ('workshop'), and a winter school to teach the practical methods of HREM. Cowley took on this considerable workload with the support of the management committee and particularly that of the laboratory manager, John Wheatley, and his assistants, who were responsible for the upkeep of the transmission electron microscopes of various types-these eventually numbered eight. The dedication of the four technical staff of the facility were crucial to its success, which then saw a continuous stream of national and international visitors and microscope users that has continued ever since. The idea was to teach the methods of HREM to scientists in universities, national laboratories and companies in the USA and elsewhere, to develop new related techniques, and to apply them to all areas of solid-state and surface science. This was Cowley's bold vision during the 1980s, during which the resolution of the TEM instruments used improved from about 0.26 nm to 1.4 nm. In most cases this was not quite sufficient to resolve individual columns of atoms in projection, so that a considerable theoretical effort was devoted to image interpretation. Unlike other groups, Cowley's approach included all multiple scattering effects from the beginning. In later years, after Iijima's return to Japan, David Smith took on the job of running the schools and workshops, while establishing extensive collaborations in the application of HREM to the widest possible range of problems. (After Cowley's death in May 2004 the facility was renamed the J. M. Cowley Center for Electron Microscopy and is now directed by D. Smith).
Cowley fostered a vigorous programme of instrumentation development: early versions of what would later become the commercial Gatan electron-energy-loss spectrometer and an electronic imaging system (also taken up by Gatan) were developed by Krivenek and Spence, respectively, at that time. Much more ambitious projects, later in the 1980s, included a special ultra-high-vacuum (UHV) version of the Vacuum Generators field-emission STEM instrument (38) , dedicated to the imaging and analysis of surfaces (MIDAS, for 'microscope for imaging diffraction and analysis of surfaces'), and a dedicated UHV TEM system developed with the Gatan company. The design and development of these two novel instruments involved much detailed collaboration between companies and ASU researchers (especially Cowley, Venables, Long, Hembree and Krivanek). The Auger imaging system on MIDAS, for example, developed by Venables and co-workers, and based on a novel magnetic extraction field that collected Auger electrons generated by the subnanometre probe over a very large solid angle, subsequently produced record-breaking Auger images with a resolution of 1 nm (Hembree et al. 1991) .
The annual workshops, first held in the Arizona desert at Castle Hot Springs (and later at Wickenburg), were unique and memorable events. It was a remarkable achievement of Cowley's to attract to the Arizona desert each winter, for well over a decade, leading scientists from all around the world in fields other than electron microscopy for a small, specialized workshop. The workshops, which quickly gained a reputation for scientific excitement and high quality, covered some aspect of condensed-matter science to which it was thought that electron microscopy could contribute, with papers subsequently collected together and published in the journal Ultramicroscopy. These topics covered a wide range, from metal clusters to the imaging of clean surfaces, solid-state chemistry, diffraction and channelling methods, interfaces, ceramics, semiconductors, mineralogy and catalysts.
LATER YEARS: ELECTRON NANODIFFRACTION
The arrival of several groups of first-rate Chinese PhD students under the China-US Physics Examination and Application (CUSPEA) programme in the mid-1980s had a stimulating effect on the group comparable only to the original influx of Australian students 15 years earlier. Projects included the theory and practice of REM and SREM imaging (with T. Hsu, N. Yao and L. M. Peng), and energy-loss spectroscopy in the reflection mode (with Z. L.Wang). A detailed real-space picture was built up (in work with Peng and Wang) of the channelling and resonance effects that can occur along atomic columns lying in the plane of a surface during RHEED experiments, and the results were reconciled with REM and SREM imaging of steps (36) . This work was later continued (with M. Gajdardziska) in applications to electron channeling at interfaces. In the STEM, Cowley also embarked on an analysis of planar faults by coherent microdiffraction in the transmission geometry. In this later work with Zhu (29), Cowley applied essentially the 'g·b' analysis of diffraction contrast imaging to coherent nanodiffraction patterns from planar faults, such as twins, grain boundaries and stacking faults. Internal structure within the coherent CBED disks was found to reveal the interfacial orientation, whereas the fault vector b defining the planar fault translation could be found by noting which CBED reflections were affected. The method was applied to antiphase domains in copper-gold alloys and to platelets in diamond, and was later extended to the faulting found in small metal particles and catalysts. Cowley's interest in modulated, intergrowth and incommensurate structures continued in work with N. Tanaka, culminating in his organization of an international conference on this topic in Hawaii, and a subsequent Gordon conference.
The publication of high-resolution STEM images with the use of high-angle scattering by Pennycook & Boatner (1988) , as proposed by A. Howie, led to a burst of activity at ASU and Cornell in which the effects of temperature and other effects on the thermal diffuse and Bragg scattering used to form these images was investigated by Cowley, Liu, Wang and others (39). The final years of Cowley's career were devoted to microdiffraction studies of individual nanotubes (44) , to work on ferroelectrics, to an idea that he and V. Smirnov had of using strings of atoms as electron lenses (43), and to work with M. Scheinfein and M. Mankos on electron holography of magnetic materials (42). His last project returned him to his early interest in the structure of ferritin (46): Cowley became convinced from nanodiffraction evidence that the conventionally accepted form of the iron oxide core in ferritin was incorrect, and he proposed mechanisms for oxygen uptake based on his novel structure, relevant to Altzheimer's disease. His belief in the unique power of coherent electron nanodiffraction for the study of various forms of disorder in crystals and glasses, and his ability to record and interpret these patterns in terms of correlations among atom positions, remained to the end (45).
Cowley received many honours during his lifetime. These included the Edgeworth David Medal, the Research Medal of the Royal Society of Victoria, the Warren Award of the American Crystallographic Association (with S. Iijima), the Distinguished Scientist award of the Microscopy Society of America, and the Ewald Prize (with A. Moodie) of the International Union of Crystallography. He was a Fellow of the American Physical Society, of the Royal Society of Victoria, and of the Institute of Physics, and a member of the US National Committee for Crystallography.
Throughout his career in Melbourne and Arizona, John Cowley's calm confidence, scientific vision and sustained industry were an inspiration to those about him. John continued experimental work to the last day of his life. A visit to his office always left the visitor stimulated with new ideas and inspiration-always encouraging, he had a characteristic ability to take a student's imperfectly formed ideas and to turn them towards new and exciting possibilities with his familiar manipulations and facility in analysis. The intimate relationship between experiment and his intuitive theoretical insight, combined with his unflappable manner, generosity with ideas and support for others-together with his unflagging conviction that electron scattering and imaging were the most powerful tools for understanding atomic processes in solids-these were the characteristics which have left so many of his colleagues in his debt. John Cowley is survived by his devoted wife Robbie and his two daughters, Jillian and Deborah.
